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摘  要 
 
 


















速为 5.2 h-1 较为适宜。采用气单胞菌 SH10、棒状杆菌 SH09、乳酸杆菌 A09、地
衣芽孢杆菌 R08 和毕赤酵母 GS115 还原银氨溶液制得的银粉中，由 GS115 制得
的下层银粉制备的催化剂具有 好的反应性能。银的负载量对催化剂的反应性能
具有重要的影响，采用 GS115 还原银氨溶液制得的下层银粉、经 450 ℃焙烧 1 h
得到的银的理论负载量为 8 wt%的 Ag/ZrO2 催化剂可以获得较好的催化反应性




















和催化剂制备条件对其 1,2-丙二醇选择性氧化性能的影响。XRD、TEM 和 UV-Vis 
DRS 等结果表明：银颗粒成功地负载到 ZrO2 载体上，催化剂表面的银颗粒的尺
寸主要为 4 ~ 6 nm，在催化剂表面以高分散形式存在。随着反应温度的升高，1,2-
丙二醇的转化率变化较小，但目标产物丙酮醛的选择性先升高后降低。取银的理
论负载量为 9 wt%、芳樟叶浸出液浓度为 0.05 g⋅mL-1、70 W 功率下超声 60 min、
450 ℃焙烧 2.0 h 得到的 Ag/ZrO2 催化剂可以获得较好的催化反应性能，在 340 ℃




和催化剂制备条件对其 1,2-丙二醇选择性氧化性能的影响。XRD、TEM 和 UV-Vis 
DRS 等结果表明：银颗粒成功地负载到 ZrO2 载体上，催化剂表面的银颗粒的尺
寸主要为 6 ~ 12 nm，在催化剂表面以高分散形式存在。随着反应温度的升高，
1,2-丙二醇的转化率变化较小，但目标产物丙酮醛的选择性先升高后降低。催化
剂的制备条件对催化剂的反应性能具有重要的影响，银的理论负载量为 9 wt%、























As an important organic intermediate, methylglyoxal(MGX) is mainly used as 
drug intermediates, and also has important applications in agricultural pesticide, food 
additives and so on. MGX can react with formaldehyde and ammonia to produce 
imidazole, which is a kind of drug intermediates. In addition, lactic acid can be 
produced by disproportionation reaction of MGX. Recently, the demand for MGX 
increased with the rise of the demand for imidazole and furanone. However, its 
natural capacity is small. The technology of producing MGX in China has been 
developed in recent years, and the scale is very small. In addition, most of catalysts 
used for the traditional preparation of MGX are electrolysis silver catalysts, when the 
reaction temperature is below 500 ℃, there is lot of by-product hydroxyl acetone. But 
when the reaction temperature is above 500 ℃, the silver particles are apt to reunite 
rapidly, and the catalytic activity gets lower. So to explore and lucubrate catalysts 
which have high activity at low temperature is the key to realize economic and green 
ways to get MGX. 
Firstly, bio-reductive sol-loading method was used to prepare Ag/ZrO2 catalysts, 
their catalytic performances for 1,2-propane glycol oxidation were evaluated. The 
characterization results of catalysts indicated that silver particles obtained from the 
reduction of silver-ammonia solution using microbial powder as reductant were 
loaded onto zirconium dioxide, the size of Ag particles was in the range of 4 ~ 7 nm. 
With increasing reaction temperature, the 1,2-propane glycol conversion changed a 
little, but the methylglyoxal selectivity increased and then decreased; When the space 
velocity was 5.2 h-1, Ag/ZrO2 catalyst whose preparation conditions were: using the 
lower-layer silver powder made from the reduction of silver-ammonia solution using 
Pichia pastoris GS115 as reductant, silver loading was 8 wt%, calcination 
temperature was 450 ℃, calcination time was 1 h demonstrated good performance, at 
















methyglyoxal was 78.3%. Ag/ZrO2 catalysts acquired through such methodology were 
stable. 
Secondly, ultrasound-assisted bio-reductive method was used to prepare Ag/ZrO2 
catalysts, their catalytic performances for 1,2-propane glycol oxidation were evaluated. 
The characterization results of catalysts indicated that silver particles were loaded 
onto zirconium dioxide, the size of Ag particles was in the range of 4 ~ 6 nm. With 
increasing reaction temperature, the 1,2-propane glycol conversion changed a little, 
but the methylglyoxal selectivity increased and then decreased. Ag/ZrO2 catalyst 
whose preparation conditions were: silver loading was 9 wt%, leachate concentration 
was 0.05 g⋅mL-1, ultrasound power was 70 W, ultrasound time was 60 min,calcination 
temperature was 450 ℃, calcination time was 2 h demonstrated good performance, at 
340 ℃, the conversion of 1,2-propane glycol was 96.8% and the selectivity of 
methyglyoxal was 73.3%. 
Lastly, similar investigations were conducted upon silver catalysts prepared by 
microwave-assisted bio-reductive method. The characterization results of catalysts 
indicated that silver particles were loaded onto zirconium dioxide, the size of Ag 
particles was in the range of 6 ~ 12 nm. With increasing reaction temperature, the 
1,2-propane glycol conversion changed a little, but the methylglyoxal selectivity 
increased and then decreased. Ag/ZrO2 catalyst whose preparation conditions were: 
silver loading was 9 wt%, leachate concentration was 0.06 g⋅mL-1, microwave power 
was 560 W, isovolumetric time was 20 s, demonstrated good performance, at 360 , ℃
the conversion of 1,2-propane glycol was 97.4% and the selectivity of methyglyoxal 
was 85.4%. This methodology was easy to operate, and the Ag/ZrO2 catalysts 
acquired through such methodology were stable. 
 















目  录 
 
I 
目  录 
第一章 文献综述.......................................................................................1 
1.1 丙酮醛的性质及应用 .........................................................................................1 
1.1.1 丙酮醛的性质...............................................................................................1 
1.1.2 丙酮醛的应用...............................................................................................1 
1.2 丙酮醛的合成方法 .............................................................................................1 
1.3 丙二醇法制备丙酮醛所采用催化剂的研究进展 .............................................3 
1.3.1 非负载型银催化剂.......................................................................................3 
1.3.2 负载型银催化剂...........................................................................................4 
1.4 纳米银材料的性质和用途 .................................................................................4 




1.6 ZrO2 的性质及应用 ...........................................................................................10 
1.7 本论文研究目标及研究内容 ...........................................................................10 
17.1 研究目标......................................................................................................10 
1.7.2 研究内容.....................................................................................................10 
第二章 实验方法.................................................................................... 12 
2.1 材料、试剂与仪器设备 ...................................................................................12 
2.1.1 材料与试剂.................................................................................................12 
2.1.2 仪器与设备.................................................................................................12 
2.2 实验流程 ............................................................................................................12 
2.2.1 催化剂的制备.............................................................................................12 
2.2.1.1 生物还原溶胶负载法 ..........................................................................12 
2.2.1.2 超声辅助生物还原法 ..........................................................................14 




2.2.4.1 X 射线衍射（XRD）分析...................................................................18 
2.2.4.2 扫描电镜（SEM）观察 ......................................................................18 
2.2.4.3 透射电镜（TEM）观察......................................................................18 
2.2.4.4 X 射线能谱（EDS）分析....................................................................18 
2.2.4.5 粒径统计分析 ......................................................................................18 
2.2.4.6 紫外可见漫反射（UV-vis DRS）测试..............................................19 
2.2.4.7 热重（TG-DTG）分析 .......................................................................19 













目  录 
 
II 
3.1 引言 ...................................................................................................................20 





3.2.4.1 X 射线衍射（XRD）分析...................................................................21 
3.2.4.2 扫描电镜（SEM）观察 ......................................................................21 
3.2.4.3 原子吸收分光光度法 ...........................................................................21 
3.2.5 催化剂的表征.............................................................................................21 
3.2.5.1 X 射线衍射（XRD）分析...................................................................21 
3.2.5.2 扫描电镜（SEM）观察 ......................................................................21 
3.2.5.3 透射电镜（TEM）观察......................................................................21 
3.2.5.4 紫外可见漫反射（UV-vis DRS）测试..............................................22 
3.2.5.5 热重（TG-DTG）分析 .......................................................................22 
3.3 结果与讨论 .......................................................................................................22 
3.3.1 催化反应条件的影响.................................................................................22 
3.3.1.1 反应温度的影响 ..................................................................................22 
3.3.1.2 空速的影响 ..........................................................................................23 
3.3.2 催化剂制备条件的影响.............................................................................24 
3.3.2.1 上、下层银粉的影响 ..........................................................................24 
3.3.2.2 不同生物质制备的银粉的影响 ..........................................................25 
3.3.2.3 载银量的影响 ......................................................................................26 
3.3.2.4 焙烧温度的影响 ..................................................................................27 
3.3.3 银溶胶及银粉的表征.................................................................................28 
3.3.3.1 X 射线衍射（XRD）分析...................................................................28 
3.3.3.2 扫描电镜（SEM）观察 ......................................................................28 
3.3.3.2 原子吸收分光光度法 ..........................................................................29 
3.3.4 催化剂的表征.............................................................................................30 
3.3.4.1 X 射线衍射（XRD）分析...................................................................30 
3.3.4.2 扫描电镜（SEM）观察 ......................................................................31 
3.3.4.3 透射电镜（TEM）观察......................................................................32 
3.3.4.4 紫外可见漫反射（UV-vis DRS）测试..............................................34 
3.3.4.5 热重（TG-DTG）分析 .......................................................................34 
3.4 本章小结 ...........................................................................................................35 
第四章 超声辅助生物还原法制备银催化剂及其催化性能评价 ....... 37 
4.1 引言 ...................................................................................................................37 
4.2 实验部分 ...........................................................................................................37 
4.2.1 催化剂的制备.............................................................................................37 
4.2.1.1 均匀实验设计 ......................................................................................37 



















4.2.4.1 X 射线衍射（XRD）分析...................................................................40 
4.2.4.2 透射电镜（TEM）观察......................................................................40 
4.2.4.3 紫外可见漫反射（UV-vis DRS）测试..............................................40 
4.2.4.4 热重（TG-DTG）分析 .......................................................................40 
4.3 结果与讨论 .......................................................................................................40 
4.3.1 催化反应温度的影响.................................................................................40 
4.3.2 催化剂制备条件的影响.............................................................................41 
4.3.3 催化剂的表征 ................................................................................................43 
4.3.3.1 X 射线衍射（XRD）分析 ......................................................................43 
4.3.3 2 透射电镜（TEM）观察 .........................................................................44 
4.3.3.3 紫外可见漫反射（UV-vis DRS）测试 .................................................45 
4.3.3.4 热重（TG-DTG）分析...........................................................................46 
4.4 本章小结 ...........................................................................................................47 
第五章 微波辅助生物还原法制备银催化剂及其催化性能评价 ....... 49 
5.1 引言 ...................................................................................................................49 
5.2 实验部分 ...........................................................................................................49 
5.2.1 催化剂的制备.............................................................................................49 
5.2.1.1 均匀实验设计 ......................................................................................49 
5.2.1.2 单因素实验设计 ..................................................................................51 




5.2.4.1 X 射线衍射（XRD）分析...................................................................52 
5.2.4.2 透射电镜（TEM）观察......................................................................52 
5.2.4.3 紫外可见漫反射（UV-vis DRS）测试..............................................52 
5.2.4.4 热重（TG-DTG）分析 .......................................................................52 
5.3 结果与讨论 .......................................................................................................52 
5.3.1 催化反应温度的影响.................................................................................52 
5.3.2 催化剂制备条件的影响.............................................................................53 
5.3.2.1 均匀实验 ..............................................................................................53 
5.3.2.2 单因素实验 ..........................................................................................55 
5.3.3 催化剂的表征.............................................................................................58 
5.3.3.1 X 射线衍射（XRD）分析...................................................................58 
5.3.3.2 透射电镜（TEM）观察......................................................................59 
5.3.3.3 紫外可见漫反射（UV-vis DRS）测试..............................................61 
5.3.3.4 热重（TG-DTG）分析 .......................................................................61 
5.4 本章小结 ...........................................................................................................62 
第六章 结论与建议 ............................................................................... 64 
6.1 结论 ...................................................................................................................64 

















附  录...................................................................................................... 71 
在学期间所发表的文章 ......................................................................... 74 

















Chapter 1 Introduction ................................................................................1 
1.1 Properties and applications of methylglyoxal ......................................................1 
1.1.1 Properties of methylglyoxal ...........................................................................1 
1.1.2 Applications of methylglyoxal.......................................................................1 
1.2 Synthesis methods of methylglyoxal....................................................................1 
1.3 Review of catalysts used for the oxidation of propanediol ..................................3 
1.3.1 Non-supported silver catalysts.......................................................................3 
1.3.2 Supported silver catalysts ..............................................................................4 
1.4 Properties and applications of silver nanoparticles ..............................................4 
1.5 Preparation methods of silver nanoparticles.........................................................6 
1.5.1 Physical methods ...........................................................................................6 
1.5.2 Chemical methods..........................................................................................6 
1.5.3 Bio-reductive methods ...................................................................................8 
1.6 Properties and applications of methylglyoxal ....................................................10 
1.7 Aim and content of this thesis ............................................................................10 
1.7.1 Aim of this thesis .........................................................................................10 
1.7.2 Content of this thesis....................................................................................10 
Chapter 2 Experimental methods............................................................. 12 
2.1 Materials, chemical reagents, apparatus and equipment ....................................12 
2.1.1 Materials and chemical reagents ..................................................................12 
2.1.2 Apparatus and equipments...........................................................................12 
2.2 Experimental procedures ....................................................................................12 
2.2.1 Preparation of catalysts ................................................................................12 
2.2.1.1 Bio-reductive sol-loading method .........................................................12 
2.2.1.2 Ultrasound-assisted bio-reductive method ............................................14 
2.2.1.3 Microwave-assisted bio-reductive method............................................15 
2.2.2 Evalution of catalysts performance..............................................................15 
2.2.3 Analysis and calculation of products ...........................................................16 
2.2.4 Characterization of catalysts ........................................................................18 
2.2.4.1 XRD analysis.........................................................................................18 
2.2.4.2 SEM analysis .........................................................................................18 
2.2.4.3 TEM analysis.........................................................................................18 
2.2.4.4 EDS energy spectrum............................................................................18 
2.2.4.5 Size and statistical analysis ...................................................................18 
2.2.4.6 UV-vis DRS spectra ..............................................................................19 
2.2.4.7 TG-DTG analysis ..................................................................................19 
Chapter 3 Preparation of silver catalysts using the bio-reductive 
















3.1 Foreword ............................................................................................................20 
3.2 Experimental section ..........................................................................................20 
3.2.1 Preparation of catalysts ................................................................................20 
3.2.2 Evalution of catalysts performance..............................................................20 
3.2.3 Analysis and calculation of products ...........................................................20 
3.2.4 Characterization of silver sol and silver powder..........................................21 
3.2.4.1 XRD analysis.........................................................................................21 
3.2.4.2 SEM analysis .........................................................................................21 
3.2.4.3 AAS analysis .........................................................................................21 
3.2.5 Characterization of catalysts ........................................................................21 
3.2.5.1 XRD analysis.........................................................................................21 
3.2.5.2 SEM analysis .........................................................................................21 
3.2.5.3 TEM analysis.........................................................................................21 
3.2.5.4 UV-vis DRS spectra ..............................................................................22 
3.2.5.5 TG-DTG analysis ..................................................................................22 
3.3 Results and discussion........................................................................................22 
3.3.1 Effect of catalytic reaction conditions .........................................................22 
3.3.1.1 Effect of temperature.............................................................................22 
3.3.1.2 Effect of space velocity .........................................................................23 
3.3.2 Effect of preparation conditions of catalysts ...............................................24 
3.3.2.1 Effect of silver powder of upper-layer and lower-layer ........................24 
3.3.2.2 Effect of slver powder preared by different biomasses .........................25 
3.3.2.3 Effect of silver loadings.........................................................................26 
3.3.2.4 Effect of calcination temperature ..........................................................27 
3.3.3 Characterization of silver sol and silver powder..........................................28 
3.3.3.1 XRD analysis.........................................................................................28 
3.3.3.2 SEM analysis .........................................................................................28 
3.3.3.2 AAS analysis .........................................................................................29 
3.3.4 Characterization of catalysts ........................................................................30 
3.3.4.1 XRD analysis.........................................................................................30 
3.3.4.2 SEM analysis .........................................................................................31 
3.3.4.3 TEM analysis.........................................................................................32 
3.3.4.4 UV-vis DRS spectra ..............................................................................34 
3.3.4.5 TG-DTG analysis ..................................................................................34 
3.4 Summary ............................................................................................................35 
Chapter 4 Preparation of silver catalysts using the ultrasound-assisted 
bio-reductive method and their catalytic performance ............................ 37 
4.1 Foreword ............................................................................................................37 
4.2 Experimental section ..........................................................................................37 
4.2.1 Preparation of catalysts ................................................................................37 
4.2.1.1 Even experiment....................................................................................37 
















4.2.2 Evalution of catalysts performance..............................................................39 
4.2.3 Analysis and calculation of products ...........................................................39 
4.2.4 Characterization of catalysts ........................................................................40 
4.2.4.1 XRD analysis.........................................................................................40 
4.2.4.2 TEM analysis.........................................................................................40 
4.2.4.3 UV-vis DRS spectra ..............................................................................40 
4.2.4.4 TG-DTG analysis ..................................................................................40 
4.3 Results and discussion........................................................................................40 
4.3.1 Effect of temperature ...................................................................................40 
4.3.2 Effect of preparation conditions of catalysts ...............................................41 
4.3.3 Characterization of catalysts............................................................................43 
4.3.3.1 XRD analysis ............................................................................................43 
4.3.3 2 TEM analysis ............................................................................................44 
4.3.3.3 UV-vis DRS spectra..................................................................................45 
4.3.3.4 TG-DTG analysis......................................................................................46 
4.4 Summary ............................................................................................................47 
Chapter 5 Preparation of silver catalysts using the microwave-assisted 
bio-reductive method and their catalytic performance ............................ 49 
5.1 Foreword ............................................................................................................49 
5.2 Experimental section ..........................................................................................49 
5.2.1 Preparation of catalysts ................................................................................49 
5.2.1.1 Even experiment....................................................................................49 
5.2.1.2 Single-factor experiment .......................................................................51 
5.2.1.3 Preparation of catalysts..........................................................................52 
5.2.2 Evalution of catalysts performance..............................................................52 
5.2.3 Analysis and calculation of products ...........................................................52 
5.2.4 Characterization of catalysts ........................................................................52 
5.2.4.1 XRD analysis.........................................................................................52 
5.2.4.2 TEM analysis.........................................................................................52 
5.2.4.3 UV-vis DRS spectra ..............................................................................52 
5.2.4.4 TG-DTG analysis ..................................................................................52 
5.3 Results and discussion........................................................................................52 
5.3.1 Effect of temperature ...................................................................................52 
5.3.2 Effect of preparation conditions of catalysts ...............................................53 
5.3.2.1 Even experiment....................................................................................53 
5.3.2.2 Single-factor experiment .......................................................................55 
5.3.3 Characterization of catalysts ........................................................................58 
5.3.3.1 XRD analysis.........................................................................................58 
5.3.3.2 TEM analysis.........................................................................................59 
5.3.3.3 UV-vis DRS spectra ..............................................................................61 
5.3.3.4 TG-DTG analysis ..................................................................................61 
















Chapter 6 Conclusions and suggestions .................................................. 64 




Publications during graduate study.......................................................... 74 





















































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
